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Project: Digital Human Modeling

Embraer and Dassault Systèmes developed a project with one year of

duration (2021) aiming create biomechanical interior simulation via

digital modeling with bio fidelity; simulating the interaction between

humans <passengers and crew> and the aircraft <cabin interior> to

optimize human well-being inside the aircraft and comply with Cabin

Safety Performance.
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Project Objectives 

The initial phase of this project aimed to identify an appropriate tool and 

method (2021) :

ÅPerform simulations in standard cabin interior of aircraft.

The second phase of the project is being designed (now and on) :

ÅSupport cabin safety interior tests; 

ÅStreamlining interior test preparations and;

ÅIn the future, replace some interior certification tests.
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Foundation 

How Cabin Interior are developed and certificated nowadays:

ÅThe cabin interior usually are certified using different means of compliance: 

description reports, analysis, laboratory tests, tests on real aircrafts/mockups or 

through a cabin inspection <in some cases to do that the interior shall be completely 

manufactured and assembled>.

ÅThis is why Embraer is looking for and researching to develop a proper method to use 

simulations to develop, to test and in the future to certify cabin interior devices and 

features.
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Foundation <cont.>

How Dassault SystemesôsErgonomics Simulation can help cabin interior 

simulation:

ÅManikinôs Anthropometry (103 variables) based on population studies

ÅHuMoSim (Human Motion Simulation) equations for realistic manikin posture and 

motion prediction and evaluation. Assuring the 3D environment link and interaction 

between the monument and manikin.
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Foundation <cont.>
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How Dassault SystemesôsErgonomics 

Simulation can help cabin interior 

simulation:

RULA: Rapid Upper Limbs Assessment



Method - Itens Covered
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Method - Procedure
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Method ðTest Plan
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ÅThe 3D geometry of 

the cabin interior 

environment.

GEOMETRY CASE PARAMETERS TEST PLAN SIMULATION OUTPUT PASS/FAIL CRITERIA

ÅDefined population 

ÅAny additional data 

necessary for the 

simulation

ÅRequired step-by-

step procedure of the 

cabin interior test

ÅDefined point of 

interest of the 

simulation for 

analysis.

ÅDefined requirements for a 

successful analysis based 

on the scope of the 

simulation.



Method ðTest Plan Example
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ÅThe 3D geometry of 

the cabin interior 

environment.

GEOMETRY CASE PARAMETERS TEST PLAN SIMULATION OUTPUT PASS/FAIL CRITERIA

Å5%ile americanfemale

Å95%ile americanmale

ÅActuation force of 12 kg 

ÅProcedure A 

- Initial condition: 

manikin positioned in 

the aisle looking to 

the service door;

- Act 1: manikin 1 

walks towards the 

service door;

- Act 2: manikin 1 hold 

the door handle with 

both hands;

- Act 3: manikin 1 

raises the door 

handle.

ÅShow the dynamic 

analysis of manikin 1 

and manikin 2 

interacting with the 

service door system in a 

single movement;

ÅUnderstand the difficulty 

of a small person, as to 

the way and the force 

applied to the opening 

and a large person in a 

small space, considering 

the responses of the 

human factor.

ÅThe simulation based on the 

geometry, case parameters 

and test procedure were 

possible?

ÅThedynamic 

simulationresultssupplied data 

to support a human interaction 

evaluation as action forces; 

biomechanical stresses of the 

operators; 

clearance/interference of body 

segments and reachabilityôs.

ÅWas the software able to detect 

limitations on the human 

interaction such as forces, 

reach and move?

Forward Service Door Evaluation



Test Cases

Forward Service Door Evaluation

Female 5% Male 95%

Test cases were selected among the standard motions <human capabilities> of the passengers and crew 

inside the cabin while using the interiors features or reaching and moving objects in either seated or 

standing postures. 
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Test Cases - Fwd. Service Door 
Evaluation

Results
ÅDynamic simulation for both manikins operating the lever, 

door and, following the door kinematics;

ÅAnalysis of the female manikin, up to 75% of the female 
population could operate the lever and open the door;

ÅMale manikin had a collision between its head and the 
airplane ceiling when completely standing, being 
necessary for it to lower its head;

ÅStandard ergonomic evaluation.
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Test Cases

Aft Accessible Lavatory Accessibility

Male assistant pushes wheelchair 

to lavatory

Female manikin manuever to 

lavatory seat

Male manikin manuever to 

wheelchair
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